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Description 

[0001] The present invention relates to a porous carbonaceous material useful for an electrode for e.g. an electric 
double layer capacitor, its production process, and an electric double layer capacitor employing said carbonaceous 
5 material. The electric double layer capacitor of the present invention can be widely used for power sources for portable 
apparatus, standby power sources for domestic electrical equipment, UPS for optical communication, power sources 
for electric automobiles and the like. 

[0002] As a conventional electric double layer capacitor, a coin type obtained in such a manner that an element 
having a pair of electrodes consisting mainly of activated carbon and formed on a current collector and a separator 

10 sandwiched therebetween, together with an electrolytic solution, is sealed in a metal case by means of a metal lid and 
a gasket insulating the case from the lid, and a wound type obtained in such a manner that a pair of sheet electrodes 
is wound by means of a separator interposed therebetween to obtain a wound electrode, which is accommodated in 
a metal case together with an electrolytic solution, and sealed in the case so that the electrolytic solution does not 
evaporate from an opening of the case, have been known. 

15 [0003] Further, for an application which requires a large current and a large capacitance, a stack type electric double 
layer capacitor having an element obtained by stacking a large number of sheet electrodes by means of a separator 
interposed therebetween, incorporated therein, has been proposed (JP-A-4-154106, JP-A-3-203311 , JP-A-4-2861 08). 
Namely, a plurality of sheet electrodes formed into a rectangle as positive electrodes and negative electrodes, are 
alternately stacked one on another by means of a separator interposed therebetween to obtain a stacked element, a 

20 positive electrode lead material and a negative electrode lead material are connected with the respective terminals of 
the positive electrodes and the negative electrodes by caulking, and the element in such a state is accommodated in 
a case, impregnated with an electrolytic solution and sealed with a lid. 

[0004] Conventionally, the electrode constituting an electric double layer capacitor, has been one made essentially 
of activated carbon having a large specific surface area, and as the electrolytic solution, a solvent having a high dielectric 

25 constant such as water or propylene carbonate, has been used so as to dissolve an electrolyte at a high concentration. 
[0005] In such an electrode made mainly of activated carbon, the charge of the electric double layer formed on the 
surface of the activated carbon itself contributes to the capacitance of the electric double layer capacitor, and thus 
activated carbon having a large specific surface area has been employed. However, the specific surface area of acti- 
vated carbon is a level of 3,000 m 2 /g at largest at present, and the capacitance per unit volume of an electric double 

30 layer capacitor employing it almost reaches the limit in fact. 

[0006] On the other hand, in the charging and discharging cycles of a capacitor, the charging and discharging prop- 
erties are controlled by the rate of migration of electrolyte ions through the pores in the activated carbon. If the specific 
surface area increases, finer pores will increase in the activated carbon, and in these finer pores, as mentioned here- 
inafter, ions are less likely to move smoothly, conducting path will decrease, and such a phenomenon that the resistance 

35 of the activated carbon itself will increase, may arise. 

[0007] It is commonly said that the capacitance of an electrode per unit area of the electrode is from 20 to 30 jliF/ 
cm 2 at the interface between water and mercury. However, with an electrode employing activated carbon, only a small 
value of about 5 |uF/cm 2 has been obtained. 

[0008] The capacitance of a capacitor per unit area of the electrode is considered to be greatly influenced by physical 
40 properties of both solid (electrode) and liquid (electrolytic solution), from its constitution and operation principle. With 
respect to the electrolytic solution, various solvents, electrolytes, etc., have been studied, and it can be considered 
that the electrolytic solution is almost optimized. On the contrary, with respect to the solid, a porous electrode made 
mainly of activated carbon has been often used, and various studies have been made to improve its properties. How- 
ever, as mentioned above, the capacitance is still extremely low. 
45 [0009] Various explanations have been made for the reasons therefor, and one of which is that the relation between 
the rate of migration of the electrolyte ions through the pores and the specific surface area has not been optimized. 
[0010] It is considered that one of the reasons is, for example, that the electrolyte ions can not adequately go into 
the inside of the pores of the activated carbon, since the pore diameters are too small. Namely, even when activated 
carbon having a large specific surface area is produced in order to make the capacitance of a capacitor high, if the 
50 diameters of the pores are smaller than the diameter of the electrolyte ions, a so-called "useless surface" which makes 
no contribution to making the capacitance high, will increase. Accordingly, not only the capacitance of the entire elec- 
trode does not increase, but it may decrease in some cases. 

[0011] The electrolyte ions in a solvent are usually associated with solvent moleculars (solvation), and accordingly, 
it is considered to be necessary to optimize the diameters of the pores in the activated carbon so that they are large 
55 enough as compared with the maximum diameter of the electrolyte ions considering the solvation, in order to make 
the capacitance of a capacitor high. Namely, the pore size distribution of the activated carbon which is to be an electrode, 
is required to be optimized in a relative relation with the ion size of the electrolyte. 

[0012] However, if the diameters of the pores in the activated carbon are made large, the volume of the pores of the 
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entire activated carbon will be high, whereby the bulk density of the activated carbon will decrease. Accordingly, when 
a capacitor cell is constituted by employing activated carbon having large pore diameters, the mass of the activated 
carbon to be filled per unit volume of the cell will reduce, and the energy to be stored per unit volume tends to decrease. 
Accordingly, it is required for an electrode material for an electric double layer capacitor that the energy to be stored 
per unit volume will be maximum from practical viewpoint. 

[0013] From this point of view, some attempts have been conventionally proposed to define e.g. the correlation 
among e.g. micropores, mesopores and macropores of a carbonaceous material such as activated carbon, to be used 
for an electrode for an electric double layer capacitor (JP-A-5-811, JP-A-6-56416, JP-A-8-119614, JP-A-8-1 53653, 
JP-A-1 0-208985, JP-A-1 0-29791 2). However, only partial optimization has been achieved in every case, and no attempt 
has been made to optimize the whole relation among the three kinds of pores. 

[0014] Here, activated carbon is produced usually by carbonizing and activating a carbon source derived from a 
plant such as sawdust or coconut shell, a carbon source derived from a coal/petroleum material such as coke or pitch, 
or a synthetic high polymer carbon source such as a phenolic resin, a furfuryl alcohol resin or a vinyl chloride resin. 
[0015] Further, the carbonization is carried out usually by heating a carbon source in a non-oxidizing atmosphere at 
a temperature of from 300°C to 2,000°C. The activation is carried out by heating the carbonized product thus obtained 
in a weak oxidizing gas containing carbon dioxide or water vapor to a temperature of from 500°C to 1 ,1 00°C, so as to 
oxidize and exhaust the carbonized product to be pore structure and to increase the surface area (gas activation). 
Otherwise, the carbonized product is mixed with an alkali metal hydroxide (such as KOH) in an amount of several times 
the mass of the carbonized product, and then the mixture is heated at a temperature ranging from the melting point of 
said metal hydroxide to 1 ,000°C, in an inert gas atmosphere for from several tens minutes to 1 0 hours, preferably from 
several tens minutes to about 5 hours, so as to increase the surface area (activation by alkali metal hydroxide). After 
the activation has been completed, the alkali metal hydroxide is removed by adequate washing. 
[0016] The pore structure of the activated carbon thus obtained, is basically determined, for the most part, by the 
nature of the carbon source. Accordingly, it has been difficult to obtain a pore structure suitable for an electric double 
layer capacitor, even by somewhat changing the production conditions. 

[0017] US-A-5 877 935 relates to active carbon suitable for use in polarizable electrodes for an electric double layer 
capacitor making use of an electrolytic organic solvent solution. 

[0018] The present invention has been made to overcome the above-mentioned problems of the prior art, and it is 
an object of the present invention to provide a carbonaceous material having a large specific surface area, with which 
a high capacitance will be obtained, its production process, and an electric double layer capacitor having a high ca- 
pacitance and a high reliability, employing said carbonaceous material as an electrode material. 
[0019] According to the present invention, a carbonaceous material, a process for producing a carbonaceous ma- 
terial, a carbonaceous material obtained by said production process, and an electric double layer capacitor employing 
such a carbonaceous material as an electrode material, as mentioned below, will be provided, (i) A carbonaceous 
material which has a total pore volume of from 0.5 to 1 .5 cm 3 /g per unit mass, a volume of micropores having diameters 
of from 10 to 20 A (1 to 2 nm) of from 10 to 45% based on the total pore volume, a volume of mesopores having 
diameters of from 20 to 200 A (2 to 20 nm) of from 35 to 65% based on the total pore volume, a volume of macropores 
having diameters exceeding 200 A (20 nm) of not more than 45% based on the total pore volume, and a specific surface 
area of from 1 ,000 to 2,500 m 2 /g. 

(ii) A process for producing a porous carbonaceous material, which comprises the following steps (1) to (4): 

(1) a step of curing a liquid thermosetting resin which contains a volatile component having a boiling point of 
from 120 to 400°C and which has a viscosity of from 0.1 to 100 Pa-s at 25°C, to obtain a cured product; 

(2) a step of pulverizing the cured product; 

(3) a step of carbonizing the cured product thus pulverized in a non-oxidizing atmosphere so that the mass 
reduction till 400°C in the carbonization is from 2 to 50 mass% of the mass before carbonization, to obtain a 
carbonized product; and 

(4) a step of activating the carbonized product. 

(iii) The carbonaceous material according to the above (i) obtained by the above process (ii). 

(iv) An electric double layer capacitor which has electrodes comprising the carbonaceous material as defined in 
the above (i) or (iii). 

[0020] Now, the present invention will be described in detail with reference to the preferred embodiments. 
[0021 ] The carbonaceous material of the present invention is a porous carbonaceous material wherein the total pore 
volume is from 0.5 cm 3 /g to 1 .5 cm 3 /g, © the volume of micropores having diameters of from 1 0 to 20 A (1 to 2 nm) 
constitutes from 1 0 to 45% of the total pore volume, © the volume of mesopores having diameters of from 20 to 200 
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A (2 to 20 nm) constitutes from 35 to 65% of the total pore volume, ® the volume of macropores having diameters 
exceeding 200 A (20 nm) constitutes not more than 1 5% of the total pore volume, and the specific surface area is from 
1 ,000 to 2,500 m 2 /g. In the present invention, "diameters of from 1 0 to 20 A (1 to 2 nm)" means diameters of at smallest 
10 A (1 nm) and smaller than 20 A (2 nm), and "diameters of from 20 to 200 A (2 to 20 nm)" means diameters of at 

5 smallest 20 A (2 nm) and not larger than 200 A (20 nm), 

[0022] In the carbonaceous material of the present invention, basically, the micropores having diameters of from 1 0 
to 20 A (1 to 2 nm) effectively contribute to appearance of the capacitance, and the mesopores having diameters of 
from 20 to 200 A (2 to 20 nm) mainly play a role to transport the electrolytic solution from the outer surface of carbon- 
aceous material particles into the inside micropores, so as to supply the micropores with electrolyte ions. Further, 

10 macropores having diameters exceeding 200 A (20 nm) make substantially no contribution to e.g. appearance of the 
capacitance, and lead the bulk density of the carbonaceous material to decrease. 

[0023] According to the present invention, the volume of micropores, the volume of mesopores and the volume of 
macropores are optimized as follows. 

[0024] Namely, in the carbonaceous material of the present invention, the volume of micropores having diameters 
15 of from 1 0 to 20 A (1 to 2 nm), to which the electrolyte ions are accessible, constitutes from 1 0 to 45%, preferably from 
1 0 to 25%, of the total pore volume. Accordingly, most of the capacitance which is to appear, is attributable to the pores 
of this size. If the ratio of the volume of pores having diameters of from 1 0 to 20 A (1 to 2 nm) to the total pore volume 
is lower than this range, no adequate capacitance will be obtained, and if it is higher than this range, the bulk density 
of the carbonaceous material will be high, and it tends to be difficult to fill the carbonaceous material in an amount 
20 required per unit volume, in an electrode assembly. 

[0025] Further, the volume of mesopores having diameters of from 20 to 200 A (2 to 20 nm) constitutes from 35 to 
65%, preferably from 40 to 60%, of the total pore volume. If the ratio of the volume of pores having diameters of from 
20 to 200 A (2 to 20 nm) to the total pore volume is lower than this range, no adequate amount of electrolyte ions can 
be supplied to the micropores, and thus the amount of the electrolyte ions held in the inside of the carbonaceous 
25 particles will be inadequate, whereby no adequate capacitance will be obtained. Further, if it is higher than this range, 
the bulk density of the carbonaceous material tends to be too low, whereby it tends to be difficult to fill the carbonaceous 
material in an amount required per unit volume, when an electrode assembly is formed. 

[0026] As mentioned above, the pores having this size, have a small surface area, and accordingly, they mainly play 
a role to supply the micropores having diameters of from 1 0 to 20 A (1 to 2 nm) in charge of appearance of the capac- 
30 itance, with an adequate amount of electrolyte ions, rather than make a direct contribution to increase of the capaci- 
tance. 

[0027] Further, in the carbonaceous material of the present invention, the volume of macropores having diameters 
exceeding 200 A (20 nm), constitutes not more than 15%, preferably not more than 10%, of the total pore volume, and 
substantially no macropore has to be incorporated. Large pores having diameters exceeding 200 A (20 nm), not only 
35 make no contribution to increase of the capacitance since they have a small specific surface area, but also decrease 
the bulk density of the carbonaceous material. Accordingly, when the upper limit of the amount of such pores present 
is defined to be within the range of the present invention, an electrode having a high energy density per unit volume 
will be provided. 

[0028] In the carbonaceous material of the present invention, the volume of micropores, the volume of mesopores 
40 and the volume of macropores are optimized, and further, the total pore volume and the total specific surface area are 
defined as follows. 

[0029] The total pore volume is from 0.5 to 1 .5 cm 3 /g, preferably from 0.5 to 1 .0 cm 3 /g. If the total pore volume is 
smaller than this range, no adequate capacitance will be obtained, and if it larger than this range, the electrical resist- 
ance of the carbonaceous material tends to increase, and the bulk density tends to decrease. 
45 [0030] Further, the specific surface area is from 1,000 to 2,500 m 2 /g, preferably from 1,000 to 2,200 m 2 /g, more 
preferably from 1 ,000 to 1 ,500 m 2 /g. If the specific surface area is smaller than this range, no adequate capacitance 
will be obtained, and if it is larger than this range, the bulk density of the carbonaceous material tends to decrease. 
[0031] The carbonaceous material of the present invention having the above properties can be obtained by the 
production process of the present invention comprising the following steps. 

50 

(1) Firstly, a liquid thermosetting resin which contains a volatile component having a boiling point of from 120 to 
400°C, preferably from 150 to 380°C, more preferably from 180 to 350°C, and which has a viscosity at 25°C of 
from 0.1 to 1 00 Pa-s, preferably from 0.2 to 80 Pa-s, more preferably from 0.5 to 50 Pa-s, is cured to obtain a cured 
product. 

55 The volatile component may be a dimer or trimer contained in the thermosetting resin and consisting of polymer 

units constituting the resin, or a solvent having a boiling point within the above range may be added and incorpo- 
rated in the resin to take said solvent as the volatile component. In the present invention, in the case where the 
solvent is added to the thermosetting resin, the viscosity at 25°C means the viscosity of the resin having the solvent 
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added thereto (i.e. the viscosity of the resin immediately before the curing). Further, by using a thermosetting resin 
having a viscosity within the above range, when it is cured in the air or in a non-oxidizing atmosphere, such a cured 
product that the mass reduction till 200°C is from 2 to 50 mass% of the mass before curing, will be obtained. 
If the viscosity of the thermosetting resin is higher than the above range, the volatile component is less likely 

5 to be dispersed uniformly in the thermosetting resin. On the other hand, if the viscosity is lower than the above 

range, the fixed carbon content will significantly decrease when the resin is carbonized, whereby the density of 
the carbonized product to be obtained, i.e. the density of the carbonaceous material after activation, will significantly 
decrease, and accordingly, when said carbonaceous material is used as an electrode material for an electric double 
layer capacitor, the energy density per unit volume of the capacitor will decrease. 

10 Here, the viscosity of the resin may be controlled mainly by the amount of the volatile component contained, 

but the amount of the volatile component to obtain a suitable viscosity is different depending upon the molecular 
weight of the resin itself and the volatile component species. Accordingly, in the production process of the present 
invention, the amount of the volatile component is not particularly limited so long as the viscosity of the resin is 
within the above-specified range. 

15 Further, if the boiling point of the volatile component contained in the thermosetting resin is lower than the 

above range, the volatile component such as the solvent will evaporate from the system and will not be included 
in the resin during the curing of the resin, and thus the pore formation may not be lead in the carbonization step. 
On the other hand, if the boiling point of the volatile component contained is higher than the above specified range, 
carbonization of the resin component may proceed before volatilization, and accordingly, e.g. cracks may form on 

20 the carbonized product when the volatile component evaporates from the system, and excessively large pores 

may form. As a result, the density of the obtained carbonized product may extremely decrease. 

In the present invention, as the boiling point of the volatile component and the viscosity of the source resin for 
the carbonaceous material are specified to be within the above ranges, the resin will keep an appropriate fluidity 
during curing process, and will be completely cured while including the solvent and the volatile component therein. 

25 Such components included therein and decomposed components of the resin will moderately evaporate from the 

cured components during the carbonization to form pores as vent holes for a gas, and accordingly, relatively large 
mesopores having diameters of about 20 to about 200 A (2 to about 20 nm) will have already been formed after 
the carbonization. 

It is considered that the presence of such relatively large mesopores will accelerate formation of micropores 

30 having diameters of from 10 to 20 A (1 to 2 nm), since a reactive gas (activation gas) such as steam or carbon 

dioxide will be homogeneously diffused into the inside of the carbonized product in the following activation step. 

Further, it is considered that as the viscosity and the boiling point of the volatile component are defined to be 
within the above specified appropriate ranges, the formation of the macropores having diameters exceeding 200 
A (20 nm) is limited to a certain level, and the carbonaceous material wherein the pore structures of micropores, 

35 mesopores and macropores are optimized, as defined in the present invention, will finally be obtained. 

As the thermosetting resin to be used in the present invention, a phenolic resin, a melamine resin, a urea 
resin, a furan resin, an epoxy resin, an alkyd resin, an unsaturated polyester resin or a diallylphthalate resin may, 
for example, be employed. A phenolic resin is most preferred from the viewpoint of easiness in handling in the 
production, high yield of carbonization and easiness in pore control. 

40 As the volatile component, in addition to a component contained in the thermosetting resin, such as a dimer 

or trimer of polymer units constituting an unreacted phenol or phenolic resin, a solvent having a boiling point of 
from 120 to 400°C, such as a glycol or a polyol such as ethylene glycol, tetramethylene glycol, propylene glycol, 
trimethylene glycol or glycerol, an alcohol such as octanol or butanol, a ketone such as cyclohexanone, acetophe- 
none or methyl butyl ketone, an amine such as ethanolamine or diethylamine, or an ether such as anisole, may 

45 be added to the resin. 

In such a case, a kneading step may be carried out in which a curing agent is added to the resin in an amount 
of at least 1 mass%, preferably from 5 to 20 mass%, based on the resin, followed by kneading, and a curing 
accelerator is added thereto in an amount of at most 5 mass%, preferably from 0.25 to 1.0 mass%, followed by 
kneading, to obtain a kneaded product, and then the curing step may be carried out to cure the kneaded product. 

50 The type of the kneader to carry out said kneading, it not particularly limited, and preferred is one capable of 

kneading the liquid resin with the solvent, the curing agent in a powder form or the curing accelerator, so that they 
are uniformly mixed. Such a kneader may be either a container-rotation type kneader in which the container itself 
rotates, or a container-fixed type kneader in which a rotor blade is attached in the fixed container. Examples of the 
former include horizontal cylinder type, tilted cylinder type, V type, double cone type and equilateral cube type, 

55 examples of the latter include ribbon type, monoaxial rotor type, pug mill type, meteor motion type, high speed 

fluidization type and rotational motion type, and any of these may be suitably used. 

The above resin (or the resin kneaded product) is usually cured at a temperature range at which a thermosetting 
resin is usually cured, e.g. at a temperature of from 150 to 350°C, preferably from 180 to 250°C, whereby the 
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solvent or the volatile component such as a dimer or trimer as polymer units constituting the resin, contained in 
the resin, evaporates from the system with moderately stirring the system, and part of which will remain in the 
system, and a cured product having moderately mesoporous structure therein, which is likely to be activated, will 
be obtained. 

5 In the case of using a phenolic resin as the thermosetting resin, either a resol resin or a novolak resin may be 

used. In the case of a resol resin, it is used with adding no curing agent, and in the case of a novolak resin, a 
curing agent such as formaldehyde or hexamethylenetetramine is added thereto, and preferably, an acid such as 
oxalic acid or salicylic acid as a curing accelerator is added thereto, followed by heating at a temperature of from 
150 to 350°C, preferably from 180 to 250°C, for from 10 to 360 minutes, preferably from about 10 to about 120 

10 minutes. 

The amount of the curing agent is preferably at least 1 mass%, and if it is less than 1 mass%, the crosslinking 
density will not increase, the fixed carbon content will decrease, and the bulk density will decrease. Further, the 
amount of the curing accelerator is preferably at most 5 mass%. The ratio of the mesopores may increase according 
to the addition amount, however, the ratio of the mesopores will no longer increase even if the curing accelerator 
15 is added in an amount exceeding 5 mass%. 

Here, the apparatus for curing is not particularly limited, and any of a fixed-bed heating furnace, an electric 
furnace and the like, may be suitably used. 

(2) Then, the cured product thus obtained is pulverized. The type of the pulverizer is not particularly limited, and 
preferred is one capable of pulverizing the cured product to at largest several tens mm or smaller, preferably several 

20 mm or smaller, more preferably 1 mm or smaller. Such a pulverizer may, for example, be a Dodge crusher, a 

double-roll crusher, an edge runner, a jaw crusher, a cone crusher, a hammer mill, a rotary crusher, a desk crusher, 
a rod mill, a ball mill, a tube mill, a roller mill, an attrition mill, a jet mill, a micron mill or a micromizer. 

(3) Then, the cured product thus pulverized is carbonized in a non-oxidizing atmosphere. 

The carbonization is a conversion process of a carbon precursor comprising the thermosetting resin such as 
25 a phenolic resin into a solid carbon having a carbon network. The carbonization is carried out by heating the cured 

product thus pulverized in a non-oxidizing atmosphere of an inert gas such as nitrogen, argon, helium, xenone, 
neon, carbon dioxide or combustion exhaust gas or a gas mixture thereof, at a temperature of from 300 to 2,000°C, 
preferably from about 500 to about 1,000°C, for from 10 minutes to 80 hours, preferably from 10 minutes to 30 
hours. 

30 The apparatus for carbonization is not particularly limited, and any of a fixed-bed heating furnace, a fluidized 

bed heating furnace, a moving bed heating furnace, an inner heat or exothermic rotary kiln, an electric furnace 
and the like, may be suitably used. 

In the carbonization process, the volatile component remaining in the cured resin will evaporate as a gas, to 
form mesopores having diameters of from 20 to 200 A (2 to 20 nm). 

35 Quantitatively expressed, the mass reduction from room temperature till 400°C in the carbonization, as meas- 

ured by e.g. a thermobalance, is from 2 to 50 mass%, preferably from 5 to 40 mass%, more preferably from 5 to 
30 mass%, of the mass before carbonization. If the mass reduction is smaller than this range, the volume of the 
pores formed by evaporating of the volatile component is inadequate, and if it is too large, the density of the 
carbonaceous material to be obtained in the following activation process will excessively decrease. 

40 (4) Lastly, the carbonized product is activated to obtain a porous carbonaceous material. 

[0032] The activation is a process to grow and develop the pore structure of the solid carbon formed by the carbon- 
ization process into a finer structure. The activation is carried out, in the case of the gas activation, by heating the 
carbonized product in a weak oxidizing activation gas atmosphere containing at least one member selected from the 

45 group consisting of steam, carbon dioxide, oxygen, hydrogen chloride, chlorine and the like, at a temperature of pref- 
erably from 500 to 1 ,1 00°C, more preferably from 700 to 1 ,000°C, for from about 5 minutes to about 1 0 hours. Further, 
in the case of activation by an alkali metal hydroxide, it is carried out by mixing the carbonized product with at least 
one member selected from the group consisting of potassium hydroxide, sodium hydroxide, lithium hydroxide, rubidium 
hydroxide and cesium hydroxide, preferably with potassium hydroxide, in an amount of from 0.2 to 5.0 times the mass 

50 of the carbonized product, and heating the mixture at a temperature of at least the melting point of the alkali metal 
hydroxide, preferably from 300 to 1 ,000°C, more preferably from 400 to 900°C, for from 30 minutes to 1 0 hours, pref- 
erably from 80 minutes to 5 hours, in an inert gas or non-oxidizing gas atmosphere. The activation may be carried out 
by combining the above gas activation with the activation by an alkali metal hydroxide and repeating them for several 
times. In such a case, the treatment conditions may be optionally changed in order that the pore structures of the 

55 carbonaceous material subjected to activation treatment are within the desired ranges. 

[0033] The apparatus for activation is not particularly limited, and the same apparatus as in the carbonization may 
be used. Any of a fixed-bed heating furnace, a fluidized bed heating furnace, a moving bed heating furnace, an inner 
heat or exothermic rotary kiln, an electric furnace and the like, may be suitably employed. 
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[0034] By the above activation process, a large amount of micropores having diameters of from about 1 0 to about 
20 A (1 to about 2 nm) will be formed. Here, it is preferred to select the activation conditions so that the mass reduction 
rate of the carbonaceous material in the activation is from 30 to 90 mass%, more preferably from 50 to 80 mass%, in 
the case of the gas activation, or from 5 to 50 mass%, more preferably from 1 0 to 40 mass%, in the case of the activation 
5 by an alkali metal hydroxide, whereby the pore volume and the specific surface area will be within more appropriate 
ranges. 

[0035] The pore properties such as the pore diameter, the pore volume and the specific surface area in the present 
invention, are represented by values as measured by using Autosorb-1 manufactured by Quantachrome (or an appa- 
ratus having a function equal thereto) as follows. 

w [0036] The pore diameter and the pore volume are obtained in such a manner that a sample preliminarily dried in 
vacuum at 200°C for at least 12 hours, is provided to a nitrogen gas adsorption at a temperature of liquid nitrogen to 
obtain an adsorption isotherm, which is analyzed by a so-called BJH method to calculate the relation between the pore 
diameter and the pore volume. Here, the BJH method is a method to determine the distribution of the pore volume to 
the cylindrical pore size in accordance with a standard model by Barrett-Joyner-Halenda (J.A.C.S., 73(1 951 )373-377). 

15 Further, the specific surface area is calculated by analyzing said nitrogen adsorption isotherm within a relative pressure 
range of from 0.001 to 0.05 by BET multiple method. Here, BET method is a method for measuring the surface area 
by Brunauer-Emmett-Teller equation (J.A.C.S., 60(1938)309). 

[0037] According to the present invention, an electric double layer capacitor having electrodes consisting essentially 
of the carbonaceous material having the above pore properties as the electrode material, is provided. More preferably, 
20 a capacitor using, as an electrolytic solution, an organic electrolytic solution having an electrolyte dissolved in anorganic 
solvent, is provided. 

[0038] As the electrolytic solution for the capacitor of the present invention, basically, either an aqueous electrolytic 
solution or an organic electrolytic solution may be employed. However, an organic electrolytic solution is particularly 
suitable since the amount of energy to be stored per unit volume will increase. The decomposition potential of an 

25 organic electrolytic solution is at least twice as high as that of an aqueous electrolytic solution, and accordingly, it is 
more advantageous to employ an organic electrolytic solution as compared with an aqueous electrolytic solution, from 
the viewpoint of the energy density which is in proportion to the half of the capacitance and the square of the voltage. 
[0039] The carbonaceous material of the present invention has a large amount of pores having diameters of from 
1 0 to 20 A (1 to 2 nm), which are larger than pores of the activated carbon to be usually obtained, consisting essentially 

30 of pores having diameters of less than 10 A (1 nm). Accordingly, even in the case of using an organic electrolytic 
solution having an electrolyte with a larger ion radius dissolved in an organic solvent, the electrolyte ions can freely go 
in and come out from the pores, whereby a high capacitance will be obtained. Here, as mentioned above, since the 
total pore volume is specified to be within an optimum range, the carbonaceous material will not be bulky, and a capacitor 
cell having a high energy density per unit volume can be formed. 

35 [0040] More particularly, the electrode material for the electric double layer capacitor of the present invention, consists 
of the above carbonaceous material and a binder, and preferably an electroconductive material. The electrode is ob- 
tained, for example, in such a manner that a powder of the carbonaceous material and a binder such as polytetrafluor- 
oethylene and preferably an electroconductive material, are kneaded in the presence of a solvent such as an alcohol, 
and formed into a sheet, followed by drying, and the sheet is bonded to a current collector by means of e.g. an elec- 

40 troconductive adhesive. Further, a powder of the carbonaceous material and a binder and preferably an electrocon- 
ductive material may be mixed with a solvent to obtain a slurry, which is then coated on a current collector metal foil, 
followed by drying, to obtain an electrode incorporated with the current collector. 

[0041] As the binder, polytetrafluoroethylene, polyvinylidene fluoride, a fluoroolefin/vinyl ether copolymerized 
crosslinked polymer, carboxymethylcellulose, polyvinyl pyrrolidone, polyvinyl alcohol or polyacrylic acid may, for ex- 

45 ample, be used. The content of the binder in the electrode is preferably from about 0.5 to about 20 mass% based on 
the total amount of the carbonaceous material and the binder. If the content of the binder is less than 0.5 mass%, the 
strength of the electrode tends to be inadequate, and if it exceeds 20 mass%, the electrical resistance tends to increase 
and the capacitance tends to decrease. The amount of the binder incorporated is more preferably from 0.5 to 1 0 mass%, 
from the viewpoint of the balance between the capacitance and the strength of the electrode. Here, as the crosslinking 

50 agent for the crosslinked polymer, an amine, a polyamine, a polyisocyanate, a bisphenol or a peroxide is preferred. 
[0042] As the electroconductive material, a powder of e.g. carbon black, natural graphite, artificial graphite, titanium 
oxide or ruthenium oxide may be used. Among them, Ketchen black or acetylene black as one type of carbon black is 
preferably used since the effect to improve electroconductivity is significant with a small amount. 
[0043] The amount of the electroconductive material such as carbon black incorporated in the electrode, is preferably 

55 at least 5 mass%, particularly preferably at least 10 mass%, based on the total amount of the carbonaceous material 
powder and the electroconductive material, so as to increase electroconductivity. If the amount of the electroconductive 
material incorporated is too large, the ratio of the carbonaceous material incorporated will decrease, whereby the 
capacitance of the electrode will decrease, and accordingly, the amount of the electroconductive material incorporated 
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in the electrode is preferably at most 40 mass%, particularly preferably at most 30 mass%. 

[0044] The solvent for forming a slurry is preferably one capable of dissolving the above binder, and e.g. N-methyl- 
pyrrolidone, dimethylformamide, toluene, xylene isophorone, methyl ethyl ketone, ethyl acetate, methyl acetate, ethyl 
acetate, dimethyl phthalate, methanol, ethanol, isopropanol, butanol or water may optionally be selected. 
5 [0045] The current collector for the electrode may be any current collector so long as it has electrochemical and 
chemical corrosion resistance. As the current collector for the electrode, stainless steel, aluminum, titanium, tantalum 
or nickel may, for example, be used. Among them, stainless steel and aluminum are preferred as a current collector 
from the viewpoint of both performance and price. 

[0046] The current collector may be in a form of a foil, may be a foam metal of nickel or aluminum having a three- 
10 dimensional structure, or may be a net or a wool of stainless steel. 

[0047] As the electrolytic solution for the electric double layer capacitor of the present invention, a known or well- 
known aqueous or organic electrolytic solution may be used. However, the most preferred result will be obtained when 
an organic electrolytic solution is used. 

[0048] As the organic solvent, at least one solvent selected from the group consisting of electrochemically stable 
15 ethylene carbonate, propylene carbonate, butylene carbonate, y-butyrolactone, sulfolane, a sulfolane derivative, 
3-methylsulfolane, 1 ,2-dimethoxyethane, acetonitrile, glutaronitrile, valeronitrile, dimethylformamide, dimethylsulfox- 
ide, tetrahydrofuran, dimethoxyethane, methylformate, dimethyl carbonate, diethyl carbonate and ethyl methyl carbon- 
ate, is preferred. They may be used as a mixture. 

[0049] In the case where both positive and negative electrodes consist mainly of the carbonaceous material having 
20 a high specific surface area of the present invention, as the electrolyte for the organic electrolytic solution, preferred 

is a salt comprising a quaternary onium cation represented by R 1 R 2 R 3 R 4 N + or R 1 R 2 R 3 R 4 P + (wherein each of R 1 , R 2 , 

R 3 and R 4 which are independent of one another, is a C^_ 6 alkyl group) and at least one anion selected form the group 

consisting of BF 4 - , PF 4 ", CICy, CF 3 S0 3 - and (S0 2 R 5 ) (S0 2 R 6 )N" (wherein each of R 5 and R 6 which are independent 

of each other, is a alkyl group or alkylene group, and R 5 and R 6 may form a ring). 
25 [0050] Specific examples of the preferred electrolyte include (C 2 H 5 ) 4 NBF 4 , (C 2 H 5 ) 3 (CH 3 )NBF 4 , (C 2 H 5 ) 4 PBF 4 and 

(C 2 H 5 ) 3 (CH 3 )PBF 4 . The concentration of such a salt in the electrolytic solution is preferably from 0.1 to 2.5 mol/€, more 

preferably from about 0.5 to about 2 mol/€. 

[0051] As the separator to be interposed between the positive electrode and the negative electrode in the present 
invention, e.g. polypropylene fiber non-woven fabric, glass fiber non-woven fabric or synthetic cellulose paper may be 
30 suitably used. 

[0052] The electric double layer capacitor of the present invention may have any structure of a coin type wherein a 
pair of sheet electrodes with a separator interposed therebetween is accommodated in a metal case together with an 
electrolytic solution, a wound type wherein a pair of positive and negative electrodes is wound with a separator inter- 
posed therebetween, and a laminate type wherein a plurality of sheet electrodes are laminated with a separator inter- 
ns posed therebetween. 

[0053] Now, the present invention will be described in further detail with reference to Examples and Comparative 
Example. However, it should be understood that the present invention is by no means restricted to such specific Ex- 
amples. 

[0054] In Examples and Comparative Examples, the pore diameter, the pore volume and the specific surface area 

40 were measured by using Autosorb-1 manufactured by Quantachrome as follows. 

[0055] The pore diameter and the pore volume were obtained in such a manner that a sample having preliminarily 
dried in vacuum at 200°C for at least 12 hours, was provided to nitrogen gas adsorption at a temperature of liquid 
nitrogen to obtain an adsorption isotherm, which was analyzed by BJH method to calculate the relation between the 
pore diameter and the pore volume. Further, the specific surface area was calculated by analyzing said nitrogen gas 

45 adsorption isotherm within a relative pressure range of from 0.001 to 0.05 by BET multiple method. 

EXAMPLE 1 
[0056] 

50 

(1 ) To a phenolic resin A which contains, as volatile components, a dimer and a trimer of polymer units constituting 
the phenolic resin, having a boiling point within a range of from 1 80 to 350°C, and which has a viscosity of 5 Pa-s 
at 25°C, 10 parts by mass of hexamethylenetetramine as a curing agent was added, followed by kneading by a 
kneader, and the kneaded product was cured in the air while raising the temperature from room temperature to 
55 250°C. 

Then, the cured product was pulverized by a hammer mill to have particle sizes of not larger than several mm, 
which was then held in a stream of nitrogen for 2 hours while raising the temperature till 600°C by using a rotary 
kiln for carbonization in a nitrogen atmosphere. At this time, the mass reduction from room temperature till 400°C 
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was 15 mass%. Further, the carbonized product was activated at 800°C for 4 hours in a stream of a nitrogen gas 
containing saturated steam at 40°C. The mass reduction was 45 mass% in the activation. After the activation, the 
activated product was pulverized to an average particle size of 5 jum by using a ball mill, to obtain a carbonaceous 
material A. 

5 Of the carbonaceous material A, the specific surface area was 1,500 m 2 /g, the total pore volume was 0.95 

cm 3 /g, the ratio of the volume of pores having diameters of from 10 to 20 A (1 to 2 nm) 20% based on the total 
pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 48% based 
on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) 7% 
based on the total pore volume. 

10 

(2) A mixture comprising 80 mass% of the carbonaceous material A, 10 mass% of furnace black (Ketchen black 
EC manufactured by Ketchen Black International) as an electroconductive material, and 10 mass% of poly- 
tetrafluoroethylene as a binder, was kneaded while adding ethanol thereto, followed by rolling to obtain an electrode 
sheet having a thickness of 0.65 mm, followed by drying at 200°C for 2 hours. Two electrodes having a diameter 
15 of 12 mm, as a positive electrode and a negative electrode, were stamped from the sheet, and bonded to a case 

and a lid made of stainless 316 by means of a graphite particles-containing electroconductive adhesive. 

[0057] The lid and the case were dried under vacuum at 250°C for 4 hours, and then a propylene carbonate solution 
containing (C 2 H 5 )3(CH 3 )NBF4 at a concentration of 1 mol/€ was impregnated into the electrodes in a dry argon atmos- 

20 phere. Then, both electrodes were disposed so that they face each other by means of a non-woven fabric separator 
made of polypropylene interposed therebetween, followed by caulking by using an insulating gasket made of polypro- 
pylene. This coin type electric double layer capacitor had a diameter of 1 8.3 mm and a thickness of 2.0 mm. 
[0058] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 4.32F and 8.2 CI, 

25 respectively. 

EXAMPLE 2 
[0059] 

30 

(1 ) 3 mass% by ethylene glycol as a solvent was mixed with the phenolic resin A of Example 1 , to obtain a liquid 
resin B having a viscosity of 2 Pa-s at 25°C. A carbonaceous material B was obtained from the resin B under the 
same condition as in Example 1 except that the activation temperature was 850°C. The mass reduction till 400°C 
in the carbonization was 1 8 mass%, and the mass reduction in the activation was 65 mass%. Of the carbonaceous 

35 material B, the specific surface area was 1 ,900 m 2 /g, the total pore volume was 1 .44 cm 3 /g, the ratio of the volume 

of pores having diameters of from 1 0 to 20 A (1 to 2 nm) was 35% based on the total pore volume, the ratio of the 
volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 40% based on the total pore volume, and 
the ratio of the volume of pores having diameters exceeding 200 A (20 nm) was 5% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared in the same manner as in Example 1 except that the 
40 carbonaceous material B was used and (C 2 H 5 ) 4 NBF 4 was used instead of (C 2 H 5 )3(CH 3 )NBF 4 , and its properties 

were evaluated. 

[0060] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 4.10 F and 7.8 CI, 
45 respectively. 

COMPARATIVE EXAMPLE 3 

[0061] 

50 

(1 ) A carbonaceous material C was obtained under the same condition as in Example 1 except that the phenolic 
resin of Example 2 was subjected to intermediate holding at 200°C for 30 minutes during the curing. The mass 
reduction till 400°C in the carbonization was 10 mass%, and the mass reduction in the activation was 50 mass%. 
Of the carbonaceous material C, the specific surface area was 1 ,800 m 2 /g, the total pore volume was 0.85 cm 3 / 
55 g, the ratio of the volume of pores having diameters of from 10 to 20 A (1 to 2 nm) was 32% based on the total 

pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 30% based 
on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) was 4% 
based on the total pore volume. 
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(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material C in the same 
manner as in Example 1 , and its properties were evaluated. 

[0062] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
5 pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 3.75 F and 8.7 £1, 
respectively. 

COMPARATIVE EXAMPLE 4 
10 [0063] 

(1 ) A carbonaceous material D was obtained from the phenolic resin B of Example 2 under the same condition as 
in Example 1 except that the activation duration was 6 hours. The mass reduction till 400°C in the carbonization 
was 18 mass%, and the mass reduction in the activation was 69 mass%. Of the carbonaceous material D, the 

15 specific surface area was 2,060 m 2 /g, the total pore volume was 1.36cm 3 /g, the ratio of the volume of pores having 

diameters of from 1 0 to 20 A (1 to 2 nm) was 51 % based on the total pore volume, the ratio of the volume of pores 
having diameters of from 20 to 200 A (2 to 20 nm) was 28% based on the total pore volume, and the ratio of the 
volume of pores having diameters exceeding 200 A (20 nm) was 2% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared in the same manner as in Example 1 except that the 
20 carbonaceous material D was used and (C 2 H 5 ) 4 NBF4 was used instead of (C 2 H 5 )3(CH 3 )NBF4, and its properties 

were evaluated. 

[0064] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 3.94 F and 12.0 
25 ft, respectively. 

COMPARATIVE EXAMPLE 5 

[0065] 

30 

(1)10 Parts by mass of a resol resin was mixed with the phenolic resin of Example 2 to obtain a liquid resin E 
having a viscosity of 12 Pa-s at 25°C. A carbonaceous material E was obtained from the resin E under the same 
condition as in Example 1 except that the curing duration was reduced to half, and the activation temperature was 
850°C. The mass reduction till 400°C in the carbonization was 22 mass%, and the mass reduction in the activation 

35 was 66 mass%. Of the carbonaceous material E, the specific surface area was 2,1 00 m 2 /g, the total pore volume 

was 1 .81 cm 3 /g, the ratio of the volume of pores having diameters of from 10 to 20 A (1 to 2 nm) was 38% based 
on the total pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 
45% based on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 
nm), was 6% based on the total pore volume. 

40 (2) A coin type electric double layer capacitor was prepared by using the carbonaceous material E in the same 

manner as in Example 1 , and its properties were evaluated. 

[0066] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 3.94 F and 12.0 
45 respectively. 

EXAMPLE 6 

[0067] 

50 

(1)10 mass% of hexamethylenetetramine as a curing agent was added to the phenolic resin A of Example 1 , and 
0.25 mass% of salicylic acid as a curing accelerator was further mixed therewith, to obtain a liquid resin F having 
a viscosity of 1 1 Pa-s at 25°C. A carbonaceous material F was obtained from the resin F under the same condition 
as in Example 1 . The mass reduction till 400°C in the carbonization was 18 mass%. Of the activated carbon, the 
55 specific surface area was 1 ,600 m 2 /g, the total pore volume was 0.97 cm 3 /g, the ratio of the volume of pores having 

diameters of from 1 0 to 20 A (1 to 2 nm) was 22% based on the total pore volume, the ratio of the volume of pores 
having diameters of from 20 to 200 A (2 to 20 nm) was 53% based on the total pore volume, and the ratio of the 
volume of pores having diameters exceeding 200 A (20 nm) was 5% based on the total pore volume. 
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(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material F in the same 
manner as in Example 1 , and its properties were evaluated. 

[0068] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
5 pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 3.94 F and 9.5 £1, 
respectively. 

EXAMPLE 7 

10 [0069] 

(1)10 mass% of hexamethylenetetramine as a curing agent was added to the phenolic resin A of Example 1 , and 

0. 25 mass% of oxalic acid as a curing accelerator was further mixed therewith, to obtain a liquid resin G having a 
viscosity of 1 1 .5 Pa-s at 25°C. A carbonaceous material G was obtained from the resin G under the same condition 

15 as in Example 1 . The mass reduction till 400°C in the carbonization was 19 mass%. Of the activated carbon, the 

specific surface area was 1,620 m 2 /g, the total pore volume was 0.93 cm 3 /g, the ratio of the volume of pores having 
diameters of from 1 0 to 20 A (1 to 2 nm) was 25% based on the total pore volume, the ratio of the volume of pores 
having diameters of from 20 to 200 A (2 to 20 nm) was 51% based on the total pore volume, and the ratio of the 
volume of pores having diameters exceeding 200 A (20 nm) was 6% based on the total pore volume. 

20 (2) A coin type electric double layer capacitor was prepared by using the carbonaceous material G in the same 

manner as in Example 1 , and its properties were evaluated. 

[0070] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 3.88 F and 9.1 £2, 
25 respectively. 

EXAMPLE 8 

[0071] 

30 

(1) 10 mass% of hexamethylenetetramine as a curing agent was added to the phenolic resin A of Example 1 , and 
5 mass% of propylene glycol as a solvent was mixed therewith, to obtain a liquid resin H having a viscosity of 3.5 
Pa-s at 25°C. A carbonaceous material H was obtained from the resin H under the same condition as in Example 

1 . The mass reduction till 400°C in the carbonization was 33 mass%. Of the activated carbon, the specific surface 
35 area was 1 ,800 m 2 /g, the total pore volume was 1 .25 cm 3 /g, the ratio of the volume of pores having diameters of 

from 10 to 20 A (1 to 2 nm) was 18% based on the total pore volume, the ratio of the volume of pores having 
diameters of from 20 to 200 A (2 to 20 nm) was 61% based on the total pore volume, and the ratio of the volume 
of pores having diameters exceeding 200 A (20 nm) was 3% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material H in the same 
40 manner as in Example 1 , and its properties were evaluated. 

[0072] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 3.51 F and 8.8 CI, 
respectively. 

45 

COMPARATIVE EXAMPLE 1 
[0073] 

50 (1 ) The dimer and trimer of polymer units constituting the phenolic resin were removed from the resin A of Example 

1 by recycle preparative GPC, and 15 mass% of ethylene glycol as a solvent was added thereto to obtain a liquid 
resin I having a viscosity of 0.08 Pa-s at 25°C. A carbonaceous material I was obtained from the resin I under the 
same condition as in Example 1 . The mass reduction till 400°C in the carbonization was 6 mass%, and the mass 
reduction in the activation was 50 mass%. Of the carbonaceous material I, the specific surface area was 1,500 

55 m 2 /g, the total pore volume was 0.73 cm 3 /g, the ratio of the volume of pores having diameters of from 1 0 to 20 A 

(1 to 2 nm) was 24% based on the total pore volume, the ratio of the volume of pores having diameters of from 20 
to 200 A (2 to 20 nm) was 10% based on the total pore volume, and the ratio of the volume of pores having 
diameters exceeding 200 A (20 nm) was 1% based on the total pore volume. 
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(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material I in the same 
manner as in Example 1, and its properties were evaluated. 

[0074] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
5 pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 2.65 F and 12.2 
£1, respectively. 

COMPARATIVE EXAMPLE 2 

10 [0075] 

(1 ) Ethylene glycol was removed from the resin A of Example 1 by recycle preparative GPC to obtain a liquid resin 
J having a viscosity of 1 20 Pa-s at 25°C. A carbonaceous material J was obtained from the resin J under the same 
condition as in Example 1 . The mass reduction till 400°C in the carbonization was 5 mass%, and the mass reduction 

15 in the activation was 25 mass%. Of the carbonaceous material J, the specific surface area was 900 m 2 /g, the total 

pore volume was 0.41 cm 3 /g, the ratio of the volume of pores having diameters of from 1 0 to 20 A (1 to 2 nm) was 
20% based on the total pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 
20 nm) was 8% based on the total pore volume, and the ratio of the volume of pores having diameters exceeding 
200 A (20 nm) was 2% based on the total pore volume. 

20 (2) A coin type electric double layer capacitor was prepared by using the carbonaceous material J in the same 

manner as in Example 1 , and its properties were evaluated. 

[0076] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 1.13 F and 20.1 
25 ft, respectively. 

COMPARATIVE EXAMPLE 3 

[0077] 

30 

(1 ) Ethylene glycol was removed in an amount of 1 0 mass% from the resin I of Comparative Example 1 by recycle 
preparative GPC, and 5 mass% of distilled water having a boiling point of 100°C as a volatile component was 
added thereto to obtain a liquid resin K having a viscosity of 0.5 Pa-s at 25°C. A carbonaceous material K was 
obtained from the resin K under the same condition as in Example 1 . The mass reduction till 400°C in the carbon- 

35 ization was 5 mass%, and the mass reduction in the activation was 52 mass%. 

Of the carbonaceous material K, the specific surface area was 1,600 m 2 /g, the total pore volume was 0.70 
cm 3 /g, the ratio of the volume of pores having diameters of from 10 to 20 A (1 to 2 nm) was 20% based on the 
total pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 4% 
based on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) 

40 was 1% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material K in the same 
manner as in Example 1 , and its properties were evaluated. 

To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the capac- 
45 itance and the internal resistance. As a result, the capacitance and the internal resistance were 2.80 F and 13.5 

£1, respectively. 

COMPARATIVE EXAMPLE 4 

50 [0078] 

(1 ) To the resin J of Comparative Example 2, 5 mass% of ethylene glycol was added, and 3 mass% of a tetracyclic 
polyaromatic compound having a boiling point within a range of from 390 to 460°C as a volatile component was 
added, to obtain a liquid resin L having a viscosity of 80 Pa-s at 25°C. A carbonaceous material L was obtained 
55 from the resin L under the same condition as in Example 1 . The mass reduction till 400°C in the carbonization was 

8 mass%, and the mass reduction in the activation was 67 mass%. 

Of the carbonaceous material L, the specific surface area was 2,050 m 2 /g, the total pore volume was 0.89 
cm 3 /g, the ratio of the volume of pores having diameters of from 10 to 20 A (1 to 2 nm) was 25% based on the 
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total pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 5% 
based on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) 
was 1% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material L in the same 
5 manner as in Example 1 , and its properties were evaluated. 

To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the capac- 
itance and the internal resistance. As a result, the capacitance and the internal resistance were 2.85 F and 11.5 
£1, respectively. 

10 COMPARATIVE EXAMPLE 5 

[0079] 

(1) A carbonaceous material M was obtained by using the resin A of Example 1 under the same condition as in 
15 Example 1 except that the curing time was tripled. The mass reduction till 400°C in the carbonization was 1 mass%, 

and the mass reduction in the activation was 40 mass%. 

Of the carbonaceous material M, the specific surface area was 1,300 m 2 /g, the total pore volume was 0.64 
cm 3 /g, the ratio of the volume of pores having diameters of from 10 to 20 A (1 to 2 nm) was 15% based on the 
total pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 2% 
20 based on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) 

was 0.5% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material M in the same 
manner as in Example 1 , and its properties were evaluated. 

25 To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the capac- 

itance and the internal resistance. As a result, the capacitance and the internal resistance were 1.95 F and 15.6 
Q., respectively. 

COMPARATIVE EXAMPLE 6 

30 

[0080] 

(1 ) A carbonaceous material N was obtained by using a phenolic resin N having a viscosity of 5 Pa-s at 25°C and 
containing a volatile component having a boiling point within a range of from 1 80 to 350°C, under the same condition 

35 as in Example 1. The mass reduction till 400°C in the carbonization was 51 mass%, and the mass reduction in 

the activation was 77 mass%. 

Of the carbonaceous material N, the specific surface area was 1,200 m 2 /g, the total pore volume was 2.55 

cm 3 /g, the ratio of the volume of pores having diameters of from 1 0 to 20 A (1 to 2 nm) was 9% based on the total 

pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 65% based 
40 on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) was 

22% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material N in the same 
manner as in Example 1 , and its properties were evaluated. 

45 To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the capac- 

itance and the internal resistance. As a result, the capacitance and the internal resistance were 1.54 F and 27.5 
£2, respectively. 

COMPARATIVE EXAMPLE 7 

50 

[0081] 

(1) To the resin J of Comparative Example 2, 5 mass% of ethylene glycol was added to obtain a liquid resin O 
having a viscosity of 35 Pa-s at 25°C. A carbonaceous material O was obtained from the resin O under the same 
55 condition as in Example 1 . The mass reduction till 400°C in the carbonization was 1 mass%, and the mass reduction 

in the activation was 64 mass%. 

Of the carbonaceous material O, the specific surface area was 1,800 m 2 /g, the total pore volume was 0.85 
cm 3 /g, the ratio of the volume of pores having diameters of from 10 to 20 A (1 to 2 nm) was 21% based on the 
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total pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 8% 
based on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) 
was 2% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material O in the same 
5 manner as in Example 1 , and its properties were evaluated. 

To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the capac- 
itance and the internal resistance. As a result, the capacitance and the internal resistance were 2.26 F and 9.5 CI, 
respectively. 

10 COMPARATIVE EXAMPLE 8 

[0082] 

(1) To the resin A of Example 1 , 20 parts by mass of a resol resin was added to obtain a liquid resin P having a 
15 viscosity of 0.7 Pa-s at 25°C. A carbonaceous material P was obtained from the resin P under the same condition 

as in Example 1 except that no curing agent was added. The mass reduction till 400°C in the carbonization was 
59 mass%, and the mass reduction in the activation was 25 mass%. 

Of the carbonaceous material P, the specific surface area was 1,750 m 2 /g, the total pore volume was 2.51 
cm 3 /g, the ratio of the volume of pores having diameters of from 1 0 to 20 A (1 to 2 nm) was 8% based on the total 
20 pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 65% based 

on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) was 
17% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material P in the same 
manner as in Example 1 , and its properties were evaluated. 

25 To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the capac- 

itance and the internal resistance. As a result, the capacitance and the internal resistance were 1.39 F and 24.3 
Q., respectively. 

COMPARATIVE EXAMPLE 9 

30 

[0083] 

(1) Ethylene glycol was removed in an amount of 2 mass% from the resin I of Comparative Example 1 by recycle 
preparative GPC to obtain a liquid resin Q having a viscosity of 1 Pa-s at 25°C. A carbonaceous material Q was 

35 obtained from the resin Q under the same condition as in Example 1 except that no curing was added. The mass 

reduction till 400°C in the carbonization was 52 mass%, and the mass reduction in the activation was 44 mass%. 

Of the carbonaceous material Q, the specific surface area was 1,500 m 2 /g, the total pore volume was 1.61 
cm 3 /g, the ratio of the volume of pores having diameters of from 10 to 20 A (1 to 2 nm) was 18% based on the 
total pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 60% 

40 based on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) 

was 20% based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material Q in the same 
manner as in Example 1 , and its properties were evaluated. 

45 To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the capac- 

itance and the internal resistance. As a result, the capacitance and the internal resistance were 2.10 F and 19.5 
£2, respectively. 

COMPARATIVE EXAMPLE 10 

50 

[0084] 

(1 ) To the phenolic resin A of Example 1 , 0.5 mass% of hexamethylenetetramine as a curing agent was added to 
obtain a liquid resin R having a viscosity of 4.5 Pa-s at 25°C. A carbonaceous material R was obtained from the 
55 resin R under the same condition as in Example 1. The mass reduction till 400°C in the carbonization was 27 

mass%. Of the activated carbon, the specific surface area was 1 ,050 m 2 /g, the total pore volume was 0.75 cm 3 / 
g, the ratio of the volume of pores having diameters of from 10 to 20 A (1 to 2 nm) was 18% based on the total 
pore volume, the ratio of the volume of pores having diameters of from 20 to 200 A (2 to 20 nm) was 61% based 
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on the total pore volume, and the ratio of the volume of pores having diameters exceeding 200 A (20 nm) was 3% 
based on the total pore volume. 

(2) A coin type electric double layer capacitor was prepared by using the carbonaceous material R in the same 
manner as in Example 1 , and its properties were evaluated. 

[0085] To the finished coin type electric double layer capacitor, a voltage of 2.5 V was applied to measure the ca- 
pacitance and the internal resistance. As a result, the capacitance and the internal resistance were 1.32 F and 22.5 
Q, respectively. 

[0086] The results in Examples and Comparative Examples are shown in Table 1. 
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[0087] In the carbonaceous material of the present invention, the volume of micropores which mainly contribute to 
appearance of the capacitance, and the volume of mesopores which mainly contribute as a pool of electrolyte ions, 
are optimized. Accordingly, the electrode for an electric double layer capacitor, which consists mainly of said carbon- 
aceous material, will not be bulky, and an electric double layer capacitor having a high capacitance per unit volume 
5 and having a low internal resistance, can be provided. 

Claims 

10 1. A carbonaceous material which has a total pore volume of from 0.5 to 1 .5 cm 3 /g per unit mass, a volume of mi- 
cropores having diameters of from 10 to 20 A (1 to 2 nm) of from 10 to 45% based on the total pore volume, a 
volume of mesopores having diameters of from 20 to 200 A (2 to 20 nm) of from 35 to 65% based on the total pore 
volume, a volume of macropores having diameters exceeding 200 A (20 nm) of not more than 15% based on the 
total pore volume, and a specific surface area of from 1 ,000 to 2,500 m 2 /g. 

15 

2. A process for producing a porous carbonaceous material according to claim 1 , which comprises the following steps 
(1)to (4): 

(1) a step of curing a liquid thermosetting resin which contains a volatile component having a boiling point of 
20 from 120 to 400°C and which has a viscosity of from 0.1 to 100 Pa-s at 25°C, to obtain a cured product; 

(2) a step of pulverizing the cured product; 

(3) a step of carbonizing the cured product thus pulverized in a non-oxidizing atmosphere so that the mass 
reduction till 400°C in the carbonization is from 2 to 50 mass% of the mass before carbonization, to obtain a 
carbonized product; and 

25 (4) a step of activating the carbonized product. 

3. The process for producing a carbonaceous material according to Claim 2, wherein, in the step (1), a curing agent 
is added to the thermosetting resin, followed by kneading, and further, a curing accelerator is added thereto, fol- 
lowed by kneading to obtain a kneaded product, and then said kneaded product is cured to obtain a cured product. 

30 

4. The process for producing a carbonaceous material according to Claim 3, wherein the curing agent is added in 
an amount of at least 1 mass% based on the thermosetting resin, and the curing accelerator is added in an amount 
of at most 5 mass% based on the thermosetting resin. 

35 5. The process for producing a carbonaceous material according to Claim 2, 3 or 4, wherein the thermosetting resin 
is a phenolic resin. 

6. An electric double layer capacitor which has electrodes comprising the carbonaceous material as defined in Claim 
1. 

40 

7. The electric double layer capacitor according to Claim 6, which has an organic electrolytic solution containing at 
least one solvent selected from the group consisting of ethylene carbonate, propylene carbonate, butylene car- 
bonate, dimethyl carbonate, ethyl methyl carbonate, diethyl carbonate, acetonitrile, glutaronitrile, valeronitrile, sul- 
folane and a sulfolane derivative, and a salt comprising a quaternary onium cation represented by R 1 R 2 R 3 R 4 N + 

45 or R 1 R 2 R 3 R 4 P + (wherein each of R 1 , R 2 , R 3 and R 4 which are independent of one another, is a C^g alkyl group) 

and at least one anion selected from the group consisting of BF 4 - , PF 6 ", CI0 4 -, CF 3 S0 3 - and (S0 2 R 5 )(S0 2 R 6 )N- 
(wherein each of R 5 and R 6 which are independent of each other, is a C 1 . 4 alkyl group). 

8. A process for producing an electric double layer capacitor having electrodes comprising mixing a porous carbon- 
50 aceous material and a binder, and forming the mixing into a sheet, wherein the carbonaceous material is one 

obtained by the process as defined in Claim 2, 3, 4 or 5. 



55 



Patentanspruche 

1. Kohlenstoffhaltiges Material mit einem Gesamtporenvolumen von 0,5 bis 1 ,5 cm 3 /g pro Masseeinheit, einem Vo- 
lumen von Mikroporen mit Durchmessern von 10 bis 20 A (1 bis 2 nm) von 10 bis 45% basierend auf dem Ge- 
samtporenvolumen, einem Volumen von Mesoporen mit Durchmessern von 20 bis 200 A (2 bis 20 nm) von 35 bis 
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65% basierend auf dem Gesamtporenvolumen, einem Volumen von Makroporen mit Durchmessern uber 200 A 
(20 nm) von nicht mehr als 1 5% basierend auf dem Gesamtporenvolumen und einer spezifischen Oberflache von 
1.000 bis 2.500 m 2 /g. 

2. Verfahren zum Herstellen eines porosen kohlenstoffhaltigen Materials nach Anspruch 1, welches die folgenden 
Schritte (1) bis (4) umfasst: 

(1) einen Schritt des Hartens eines flussigen warmehartbaren Harzes, das eine fluchtige Komponente mit 
einem Siedepunkt von 1 20 bis 400°C enthalt und eine Viskositat von 0,1 bis 1 00 Pa.s bei 25°C aufweist, urn 
ein gehartetes Produkt zu erhalten, 

(2) einen Schritt des Pulverisierens des geharteten Produkts, 

(3) einen Schritt des Verkohlens des so pulverisierten geharteten Produkts in einer nicht-oxidierenden Atmo- 
sphare, so dass die Masseverringerung bis 400°C in der Verkohlung von 2 bis 50 Massen-% der Masse vor 
der Verkohlung betragt, urn ein verkohltes Produkt zu erhalten, und 

(4) einen Schritt des Aktivierens des verkohlten Produkts. 

3. Verfahren zum Herstellen eines kohlenstoffhaltigen Materials nach Anspruch 2, wobei in dem Schritt (1) ein Har- 
tungsmittel zu dem warmehartbaren Harz zugegeben wird, gefolgt durch Kneten, und weiter ein Hartungsbeschleu- 
niger dazu gegeben wird, gefolgt von Kneten, urn ein geknetetes Produkt zu erhalten, und anschlieGend das ge- 
knetete Produkt gehartet wird, urn ein gehartetes Produkt zu erhalten. 

4. Verfahren zum Herstellen eines kohlenstoffhaltigen Materials nach Anspruch 3, wobei das Hartungsmittel in einer 
Menge von mindestens 1 Massen-%, basierend auf dem warmehartbaren Harz, zugegeben wird, und der Har- 
tungsbeschleuniger in einer Menge von hochstens 5 Massen-%, basierend auf dem warmehartbaren Harz, zuge- 
geben wird. 

5. Verfahren zum Herstellen eines kohlenstoffhaltigen Materials nach Anspruch 2, 3 oder4, wobei das warmehartbare 
Harz ein phenolisches Harz ist. 

6. Elektrischer Doppelschichtkondensator mit Elektroden, die das in Anspruch 1 definierte kohlenstoffhaltige Material 
umfassen. 

7. Elektrischer Doppelschichtkondensator nach Anspruch 6, der eine organische Elektrolytlosung aufweist, die min- 
destens ein Losungsmittel, ausgewahlt aus der Gruppe, bestehend aus Ethylencarbonat, Propylencarbonat, Bu- 
tylencarbonat, Dimethylcarbonat, Ethylmethylcarbonat, Diethylcarbonat, Acetonitril, Glutaronitril, Valeronitril, Sul- 
folan und einem Sulfolanderivat, und einem Salz, umfassend ein quartares Oniumkation, dargestellt durch 
R 1 R 2 R 3 R 4 N+ Oder R 1 R 2 R 3 R 4 P+ (wobei jedes von R 1 , R 2 , R 3 und R 4 , die voneinander unabhangig sind, eine C-|_ 6 
Alkylgruppe ist), und mindestens ein Anion, ausgewahlt aus der Gruppe, bestehend aus BF 4 ", PF 6 ", CIO4-, CF3SO3- 
und (S0 2 R 5 )(S0 2 R 6 )N- (wobei jedes von R 5 und R 6 , die voneinander unabhangig sind, eine Alkylgruppe ist), 
enthalt. 

8. Verfahren zum Herstellen eines elektrischen Doppelschichtkondensators mit Elektroden, umfassend das Mischen 
eine porosen kohlenstoffhaltigen Materials und eines Bindemittels und das Formen des Gemisches in ein Blatt, 
wobei das kohlenstoffhaltige Material ein durch das in Anspruch 2, 3, 4 oder 5 definierte Verfahren erhaltenes ist. 



Revendications 

1 . Materiau carbone, qui a un volume de pores total de 0,5 a 1 ,5 cm 3 /g par unite de masse, un volume de micropores 
ayant des diametres de 1 0 a 20 A (1 a 2 nm) de 1 0 a 45 % par rapport au volume de pores total, un volume de 
mesopores ayant des diametres de 20 a 200 A (2 a 20 nm) de 35 a 65 % par rapport volume de pores total, un 
volume de macropores ayant des diametres depassant 200 A (20 nm) de pas plus de 1 5 % par rapport au volume 
de pores total, et une surface specifique de 1000 a 2500 m 2 /g. 

2. Procede pour produire un materiau carbone poreux selon la revendication 1, qui comprend les etapes (1) a (4) 
suivantes : 

(1 ) une etape de durcissement d'une resine thermodurcissable liquide qui contient un composant volatil ayant 
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un point d'ebullition de 120 a 400°C et qui a une viscosite de 0,1 a 1 00 Pa-s a 25°C, pour obtenir un produit 
durci ; 

(2) une etape de pulverisation du produit durci ; 

(3) une etape de carbonisation du produit durci ainsi pulverise, dans une atmosphere non-oxydante de sorte 
que la reduction de masse jusqu'a 400°C lors de la carbonisation soit de 2 a 50 % en masse de la masse 
avant carbonisation, pour obtenir un produit carbonise ; et 

(4) une etape d'activation du produit carbonise. 

Procede pour produire un materiau carbone selon la revendication 2, dans lequel, dans I'etape (1), un agent de 
durcissement est ajoute a la resine thermodurcissable, operation suivie d'un malaxage, et en outre, un accelerateur 
de durcissement y est ajoute, operation suivie d'un malaxage pour obtenir un produit malaxe, et ensuite ledit 
produit malaxe est durci pour obtenir un produit durci. 

Procede pour produire un materiau carbone selon la revendication 3, dans lequel I'agent de durcissement est 
ajoute en une quantite d'au moins 1 % en masse par rapport a la resine thermodurcissable, et I'accelerateur de 
durcissement est ajoute en une quantite d'au plus 5 % en masse par rapport a la resine thermodurcissable. 

Procede pour produire un materiau carbone selon la revendication 2, 3 ou 4, dans lequel la resine thermodurcis- 
sable est une resine phenolique. 

Condensateur electrique a deux couches, qui a des electrodes comprenant le materiau carbone tel que defini dans 
la revendication 1 . 

Condensateur electrique a deux couches selon la revendication 6, qui comporte une solution electrolytique orga- 
nique contenant au moins un solvant choisi dans le groupe constitue de carbonate d'ethylene, carbonate de pro- 
pylene, carbonate de butylene, carbonate de dimethyle, carbonate d'ethyle etdu methyle, carbonate de diethyle, 
acetonitrile, glutaronitrile, valeronitrile, sulfolane et un derive de sulfolane, et un sel comprenant un cation onium 
quaternaire represents par R 1 R 2 R 3 R 4 N+ou R 1 R 2 R 3 R 4 P+ (ou chacun de R 1 , R 2 , R 3 et R 4 , qui sont independants 
les uns des autres, est un groupe alkyle en C^g) et au moins un anion choisi dans le groupe constitue de BF 4 ", 
PF 6 ", CI0 4 -, CF3SO3- et (S0 2 R 5 ) (S0 2 R 6 )N- (ou chacun de R 5 et R 6 , qui sont independants I'un de I'autre, est un 
groupe alkyle en C^). 

Procede pour produire un condensateur electrique a deux couches ayant des electrodes, comprenant le melange 
d'un materiau carbone poreux et d'un liant, et I'operation consistant a amener le melange sous la forme d'une 
feuille, le materiau carbone etant celui obtenu par le procede tel que defini dans la revendication 2, 3, 4 ou 5. 
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